The plant endoplasmic reticulum (ER) is crucial to the maintenance of cellular homeostasis.
Introduction 4 1 and that, moreover, the interaction of Lnp1p with Rtn1p is negatively regulated by Sey1p 1 0 0 (Chen et al., 2012) . However, more recently Wang et al. (2016) reported that in mammalian 1 0 1 cells stably expressing both Lnp-mCherry and GFP-ATL-3, ATL was in close proximity to 1 0 2 Lnp-mCherry in the peripheral ER network but, crucially, the two proteins did not precisely 1 0 3 co-localise and no interaction was found in reciprocal pull-down experiments. results in an increased abundance of ER cisternae in the ER network. Thus, we hypothesize 1 1 0 that AtLNP1 and AtLNP2 are involved in determining the dynamic morphology of the plant 1 1 1 and At4g12590 (seed-specific housekeeping reference genes 1 and 2, respectively (Dekkers 1 3 7 et al., 2012)) as loading controls, and expression levels in the amiRNA mutants compared to 1 3 8 that of wildtype, Col-0. The amiRNA2-containing line was found to have reduced expression 1 3 9 of LNP1 but comparable expression of LNP2 to that detected in wild-type and was 1 4 0 subsequently referred to as lnp1; whereas the amiRNA1-containing line had markedly 1 4 1 reduced expression levels of both LNP1 and LNP2 and was therefore denoted as lnp1lnp2. carried out according to Sparkes et al. (2006) . In brief, each construct was introduced into 1 4 7 Agrobacterium strain GV3101 by heat shock. Transformants were inoculated into 3 ml of 1 4 8 YEB medium (per litre: 5 g of beef extract, 1 g of yeast extract, 5 g of sucrose and 0.5 g of 1 4 9
MgSO 4 ·7H 2 O) with 50 μ g ml -1 spectinomycin and 25 μ g ml -1 rifampicin. After overnight ester. Seedlings were incubated for 15 minutes in the dye and washed in DW. Samples were 1 7 1 imaged with a 514 nm argon ion laser emission detected using 470-500 nm and 560-615 nm 1 7 2 band-pass filters. Constructs were transiently expressed in tobacco leaf epidermal cells as described above. Leaf discs were excised and the GFP and mRFP expression levels in the plant within the 1 7 7 region of interest were confirmed using a Nikon EC2 confocal microscope at 488 and 543 1 7 8 nm, respectively. FRET-FLIM data capture was performed according to Kriechbaumer et al. (2015) using a two-photon microscope at the Central Laser Facility of the Rutherford 1 8 0 Appleton Laboratory. A two-photon microscope built around a Nikon TE2000-U inverted 1 8 1 microscope was used with a modified Nikon EC2 confocal scanning microscope to allow for 1 8 2 multiphoton FLIM (Schoberer and Botchway, 2014) . At least three nuclei from at least two 1 8 3 independent biological samples per protein-protein combination were analysed, and the 1 8 4 average of the ranges was taken. To analyse persistency of LNP1-labelled punctae and cisternae, movies were taken using AtLNP2 is annotated as having two possible splice variants (AtLNP2.1 and AtLNP2.2) with 2 3 6
AtLNP2.2 containing an additional 34 residues downstream of the TMDs. However, this 2 3 7 region is not well conserved in LNP proteins from other organisms and moreover, publicly 2 3 8 available RNASeq data (Araport) obtained from a range of tissues show no detectable 2 3 9 sequence reads for this region. Hence, all subsequent analysis was performed on splice 2 4 0 variant AtLNP2.1 (subsequently referred to as AtLNP2). shows the conserved region targeted by an artificial microRNA in lnp1lnp2 loss-of-function lines. AtLNP1 and AtLNP2.1 are 408 and 409 amino acid residues in length, respectively. To determine the subcellular location of AtLNP1 and AtLNP2, the full-length protein 2 5 3 sequences were fused at the C-terminus to green fluorescent protein (GFP) under the RFP-HDEL, showed specific subcellular localisation of AtLNP1 to the trivia regions of the ER 2 5 7 network and to ER cisternae, but, notably, there was no detectable labelling of the ER 2 5 8 tubules (Figure 2A ). In contrast, whilst AtLNP2 was similarly observed to localise to ER 2 5 9
sheets and trivia, it was additionally present in the ER tubular network ( Figure 2B ).
6 0
These two different location patterns were also found in arabidopsis plants stably expressing 2 6 1 AtLNP1 or AtLNP2, respectively ( Figure 2C ). localised to ER cisternae and trivia, but AtLNP2 additionally localises to ER tubules. or P UBQ10 ::AtLNP2-GFP, respectively. The effect of protein expression dosage on the targeting of AtLNP1 and AtLNP2 to different Supplementary Figure S3 ). At higher doses of P UBQ10 ::AtLNP1-GFP, AtLNP1-labelled sheets 2 7 6 became increasingly prominent with the prevalence of ER cisternae at the highest OD of the Protein dosage effects were also seen for AtLNP2, similarly achieved through agroinfiltration ER cisternae is observed for both constructs, and, for AtLNP1 additional labelling of ER tubules which 2 9 1 is absent at lower ODs. network but also mitochondria. to other family members and is known to be expressed in all tissues throughout development comparison to expression of the donor alone ( Figure 5 , Table 1 , Supplementary Figure S5 ). Yeast and mammalian Lnp proteins preferentially localise to the trivia of the ER and it has 4 1 9
been suggested that in these organisms Lnp proteins are involved in stabilising these 4 2 0
intersections (Chen et al., :2012; Chen et al., 2015; Wang et al., 2016) . As AtLNP1 also The movement and remodelling dynamics of AtLNP1-labelled ER cisternae and trivia was motion were observed for arabidopsis LNP proteins that can be classified in similar 4 2 7
categories as previously described for the mammalian Lnp1 (Chen et al., 2015) . These dose-dependent manner (Figure 3) . In contrast, in mammalian cells it has previously been 5 0 5 demonstrated that increasing amounts of mLnp1 protein result initially in ER cisternae 5 0 6 induction, followed by the generation of thicker ER tubules at higher mLnp1 expression in the zinc finger motif of yeast Lnp1p led to a reduction in polygon size and thus resulted in 5 2 7 a densely reticulated network (Chen et al., 2012) , and, similarly, the loss of mLnp1 gave rise 5 2 8
to a more compact, sheet-like ER morphology (Chen et al., 2015) . LNP mutant forms 5 2 9
expressed in U2OS cells lacking LNP show sheet generation with a reduction in tubules and essential for ER tubule and junction formation but instead affects trivia abundance. The striking changes in polygonal structure and areas reported here for the arabidopsis 5 3 7
lnp1lnp2 knock-down line could also be due to a reduction in nascent trivia formation and/or 5 3 8 loss of stability of trivia resulting in more irregular polygonal areas. However, it should be 5 3 9
noted that we do not observe an increase in junctions (as described for yeast), or cisternae, Meng L, Feldman L. 2010. A rapid TRIzol-based two-step method for DNA-free RNA AtLNP2 are localised to ER cisternae and trivia, but AtLNP2 additionally localises to ER AtLNP2 within the ER network. ODs an increasing formation of ER cisternae is observed for both constructs, and, for 8 1 1
Figure Legends
AtLNP1 additional labelling of ER tubules which is absent at lower ODs. indicated on the right-hand side. images of the AtLNP1-GFP-labelled ER network labelled are shown at 1 second, 30 8 5 7
seconds and 60 seconds. combination, at least two biological samples with a minimum of three technical replicates 8 7 5
were used for the statistical analysis. 
